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Abstract 
In this paper, for the purpose of energy conversation and carbon emission reduction, a small energy-saving experimental building 
was designed based on the climate condition of Hangzhou with hot summer and cold winter. With the idea of “passive” design, 
the software of Ecotect Analysis was implemented to simulate and analysis the building performance to realize the result of 
minimum energy consumption and renewable energy utilization through integrating and optimizing the systems of energy-saving  
technology provided for the building. Finally, a suitable set of ecological energy-saving technology system was advised for the 
architects and engineers in Hangzhou. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of IEREK, International experts for Research Enrichment and Knowledge Exchange. 
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1. Introduction 
Hangzhou is the capital city of Zhejiang province in China, which is located on the southeast coastal of china, and 
at latitude 29.18°~ 30.55°N and longitude 118.35°~ 120.5°E. Hangzhou as developing city has experienced rapid 
economic growth and the booming of population in recent decades. Statistics carried by Hangzhou Statistic Bureau 
indicated that the permanent resident population of Hangzhou was about 8.84 million in 2013 and the Gross 
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Domestic Product ( GDP ) of the city in this year reached up to about 83.4 billion CNY combined with the 
disposable income per capita of 39,310 CNY (Website: http://www.hzstats.gov.cn). Due to the developed market 
economy, the residents in Hangzhou has commonly used the air conditioners to adjust the indoor temperature to 
keep comfortable thermal environment all the year (Fig. 1), causing an yearly increase of electricity consumption in 
residential buildings (Fig. 2). 
 
Fig. 1  The ownership of air conditioners for every 100                             Fig. 2 Annual electrical consumption in residential buildings  
       urban households (1995~2012)                                                                                of Hangzhou  (2003~2013) 
     (Data source: http://www.hzstats.gov.cn)                                                             (Data source: http://www.hzstats.gov.cn) 
                                                                                                                
In an early study (Qian Wu, 2005), a survey on the residential electrical consumption from 2001~2004 were 
carried out in several selected residential areas of Hangzhou, all of which were old buildings with no energy-saving 
measures. The statistical results indicated that the averaged annual heating and cooling electrical consumption index 
of per building area corresponded to about 11.1 kWh/m2/year. In 2002, the Design Standard for Energy Efficiency of 
Residential Building in Hot Summer and Cold Winter Zone - Implementing Rules of Hangzhou Area was issued by 
Hangzhou government as the first energy efficiency standard. Then, the first public building design standard for 
energy efficiency in this area was issued in 2005. According to the 2014 figures reported by the Zhejiang 
government, the accumulative total area of designed energy efficiency buildings account for 560 million m2, while 
the area of completed energy efficiency buildings was 450 million m2 (Website: http://www.zj.gov.cn). Although 
the huge progress on energy efficiency policy and administration has been obtained in Hangzhou, the technological 
levels still fall behind the developed countries. The reference (Mengyue Peng, 2011) compared the design standard 
of energy efficiency building between Beijing, the hot-summer and cold-winter region of China and Germany, 
demonstrating the gap of technological development and analyzing the feasibility of improving the levels of energy-
saving technologies through designing the demonstration buildings.   
Driven by the demand for increasing energy efficiency technologies, architects and engineers attempt to provide 
ecological and energy saving strategies in the earlier design process, by using simulating software to analyze the 
building physical environment and predict the energy consumption, thus integrating the architecture into a scientific 
and organic component (Jiayuan Zou, Xingmin Du, 2005). Computer simulation is an useful method applied in the 
energy analysis. Software such as Energy Plus and  Ecotect Analysis are common for energy analysis and building 
simulation. Energy Plus is an extensive and complete simulation environment for the transient simulation of 
systems, including multi-zone buildings. Ecotect Analysis is a highly visual architectural design and analysis tool 
that links a comprehensive 3D modeler with a wide range of performance analysis functions covering thermal, 
energy, lighting, shading, acoustics and cost aspects. Its main advantage is a focus on feedback at the earliest stages 
of the building design process (Lingli Shou, 2013). 
In this paper, a series of creative ecological energy-saving strategies were integrated into a small experimental 
building under the idea of  “passive house”  based on the climate condition of Hangzhou , such as active and passive 
solar technology, nature lighting system, passive ventilating technology, rain water recollected technology and 
building materials optimization. Using Ecotect Analysis software, the indoor hourly temperature and energy 
consumption were as the basis of comparison between two types of building envelope, insulated and non-insulated. 
Furthermore, the solar radiation access obtained on the roof was simulated to determine the solar utilization 
potential. For the purpose of demonstration, this study attempt to evaluate the whole energy consumption of this 
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building. As a result, an optimum combination of ecological system was introduced to architects and engineers. 
2. Case study 
Hangzhou is a typical city in the hot-summer and cold-winter zone. According to the statistic (Website: 
http://www.hzqx.com), the average temperature in July was about 30.6ć in 2006. Especially in July and August, 
the solar radiation is at the peak, while the maximum temperature occasionally exceeded 40ć and the minimum 
was commonly about 28ć in the view of history after the rainy season, which is an important factor causing the 
extreme clear and hot high temperature event, leading to the poor indoor thermal environment in the summer of 
Hangzhou. On the other hand, the average temperature in January was about 4ć and the relative humidity was 
about 80%, that result in the wet and cold indoor environment in winter. Through the above analysis, for improving 
the indoor thermal comfortable conditions, the design strategies can be presented as “shading solar heat in summer 
and keeping warm in winter” (Jiangnan Li, 2007 ). 
Normally, the utilization of outer environment is determined by the plan and shape design. The building shape in 
Hangzhou should not be tightly cluttered due to the less temperature difference between inside and outside, and the 
orientation should be chosen properly for the purpose of obtaining more solar heat in winter and defending  thermal 
radiation in summer. As a result, a small single-story experimental building was designed with symmetrical layout, 
which was divided into five rooms and the total area correspond to about 50 m2. To limit the scope of this study, it 
was assumed that the base model represented a typical rural residential building with materials commonly used in 
Hangzhou. The three main rooms were arranged facing to the south for making full use of solar energy, while the 
storeroom and toilet were arranged to the north so as to decrease the loss of indoor thermal energy (Fig. 3). Table 1 
indicates the basis parameters of the building. In the following sections, the designing strategies and renewable 
energy utilization will be illustrated and analyzed. 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Plan 
 
Table 1ˊ Basis parameters. 
Gross area/m2 Shape coefficient 
Window-wall ratio 
East West South North 
55 0.24 0.07 0.07 0.34 0.14 
 
Considering integrating the solar energy system into the building design, the solar photovoltaic and thermal 
collectors were placed on the roof of the room3 with an approximate angulations’  22Ϩ to the horizontal line, as 
reported in the study ˄Haixia He, 2013˅. Fig. 4~5 show the west facade and axonometric drawing.  
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Fig. 4.  West facade                                                                                         Fig. 5. Axonometric drawing 
2.1.  Active and passive solar technology 
As a passive heating source, the building envelopes were commonly used in the north region of China, where has 
enormous potential in the solar energy utilization due to the rich solar radiation source. However, the solar energy 
source in Hangzhou is limited as reported in the study (Libo Zhang, Weiping Lou, 2013): the maximum of the 
average value of total solar radiation and cumulative sunshine hours per month for many years appears in July, 
separately showing 553.6 MJ/m2 and 222.5 h; while the minimum appears from January to February., that were 216 
MJ/m2 and 102.7 h. Even so, it is still necessary to carry out an experimental study on this project about adopting the 
envelopes as the heat storage unit, for the reason that Hangzhou has lesser heating demand in winter attribute to the 
smaller temperature difference between indoor and outdoor. As a result, this study attempt to develop two types of 
passive solar energy technology illustrated in the following sections. 
x Solar energy absorption wall 
The middle room was designed with the thermal storage wall as the main component for acquiring heat: 300mm 
heavy concrete was covered with dark color where the inlet and outlet were placed separately close to the ceiling 
and floor, and an extra glass box was set with the distance of 600 mm to the concrete wall, all of which formed a 
comprehensive system of dynamic heat collection, storage and transferring. The solar energy absorbed by the 
massive concrete wall with higher heat capacity and thermal conductivity was transferred into the inter room in the 
following two main ways: firstly, the heat absorbed by the outside surface of the massive wall was conducted 
through the wall to the surface of the other side, and released into the room by means of the convection and 
radiation. The excess heat stored in the wall during the daytime would be send out in the night time by the same 
way. Secondly, the air heated in the glass box rise up through the upper inlet into the room and the cold air inside 
the room drop down through the lower outlet into the glass box and is heated again, which acts as a thermal chimney 
shown in Fig.6. 
x Directly benefit from solar energy 
Using the transparent glass windows on the walls of both sides of the rooms can directly obtain solar heat in 
winter. Meanwhile, the mechanical metal sunshade shutters were placed inside of the widows for defending solar 
radiation in summer. In the daytime of winter, the furnishings being exposed in the direct sunlight obtain the solar 
energy and store the heat which will be released  to keep the room warm in the night time when the outer 
temperature drop down, as shown in Fig.7. 
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Fig. 6. The principle of the operation of the concrete wall in daytime of winter      Fig. 7. The principle of the operation of southern window 
x Solar hot water system 
Hot water in this building was designed to be produced from solar energy resulting in the solar collectors 
attached on the sloping roof of the middle room, as shown in Fig.4. The thermal storage tank was allocated in the 
toilet, providing hot water for bath. Considering the energy recycling, this project also attempt to use the solar 
energy as the heat source: the water heated by solar energy flow through the PVC plastic coil cycles under the floor 
of the room2, constituting the radiant floor heating system. The radiant floor heat transfers energy in main way of 
radiation to the object surface and the human body. Compared with the requirement of convection heating, the 
ambient air temperature could be lower 3ć under the normal radiant heating conditions while the same comfortable 
environment could be achieved in result. The heat medium temperature in  the PVC plastic coil was usually 40 ć ~ 
60 ć , and the surface temperature on the ground could reach 24ć̚28ć , exactly satisfying the human 
physiological requirements.    
2.2.  Passive down draught cooling technique 
Solar radiation is an important factor causing so high temperature event in summer that is impossible to open the 
window for ventilation during daytime. Thus, nature ventilation in heated pressure was attempted in this project: a 
vertical void space was designed in the back of the building, forming a ventilating channel, as a “solar chimney”: as 
the heating air rose, the solar chimney acts to draw hot air up and away from the occupied spaces, and the hot air 
would be moved out through the above outlet. To strengthen indoor cooling effect, a tunnel beneath the floor of the 
room was excavated , being about 900 mm deep and as the same width with the room3, extending to the  air inlet 
above the ground surface where was 5 meter away from the external wall, as shown in Fig.8 and Fig.9. To 
strengthen the ventilation, a small exhaust fan was allocated inner the ceiling producing greater convection in the 
air. 
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Fig. 8. Passive down draught cooling technique (day time)                Fig. 9. Passive down draught cooling technique (night time) 
2.3.  Highly insulated building envelope 
x Window 
In this building, all the windows were double-glazed Low-E glass combining with heat insulting off-bridge 
aluminum to prevent heat gain in summer and heat loss in winter. As coated with a layer of metal oxides, low-E 
glass can reflect much of the shortwave radiation in summer, reducing the air-conditioning loads. On the other hand, 
this film layer  also can decrease the ability of absorbing long wave radiation in winter, benefiting to obtain the solar 
thermal energy in winter.    
x Wall and roof 
This project adopted external thermal insulation system: the whole exterior walls were enclosed by the low 
thermal conductivity plastic board with 8cm depth cavity, where was filled with rock wool material superior to the 
current energy-saving standards of Hangzhou. 
For the purpose of experiment, the roof insulation system adopted lightweight metal sandwich plate as the 
structural layer, above which was paved in turn by coating waterproof layer and XPS insulating plate, forming the 
inversion roofing system.  
2.4.  Natural optical light system 
In the room3, the door was made of the solid wood with a high window above. Furthermore, a set of tubular 
daylighting system was provided in the middle of the ceiling: using the high-reflection optical metal tube with the 
diameter of 300 mm  ( reflectance > 80% ) across through the ceiling and inclined roof. On the top of the tube, a 
transparent light cover ( transmittance > 90% ) was added to induce the light into the optical tube, and the indoor 
illumination will be realized by the multiple reflection of the light in the tube, as shown in Fig.10. 
2.5.  Rainwater collection and utilization 
The annual average rainfall precipitation is about 1600 mm in Hangzhou, which is so abundant that the ecological 
function of the roof could be realized by the way of rainwater collecting. The quality of the roof rainwater was better 
relatively than that from the road surface, so the rainwater could be collected after abandoning part of the initial flow 
and directly applied to the irrigation, as shown in Fig.11. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. The principle of tubular daylighting system                                      Fig. 11. Rainwater collection and utilization system 
992   Qian Wu and Weijun Gao /  Procedia - Social and Behavioral Sciences  216 ( 2016 )  986 – 997 
3. Computer simulation research 
The methodology used in this study was firstly based on the comparison of the physical properties of building 
designed under two conditions, namely insulated and non-insulated. Secondly, different physical environment were 
tested and analyzed, such as nature lighting and solar radiation access.  According to the above thought, a building 
model was established by means of the ecological simulating software – Ecotect Analysis,  used to simulate the 
variable physical environment during typical period in the whole year, thereby to demonstrate the rationality of the 
planning program and provide a certain theoretical basis for the scheme optimization.  
To demonstrate the building performance, the characteristics and thermal properties of materials used in the  
initial model were defined in the software shown in Table 2, and which used in the comparison model were  shown 
in table 3. 
 
Table 2 Characteristics and thermal properties of  materials used in the initial model 
Structural 
element 
Structure and construction method 
(from outside to inside) 
U-value(W/m2gk) / 
Solar Heat Gain 
Coefficient 
Wall 1 
plastic board˄10mm˅+ rock wool˄80mm˅+ aerated concrete block˄
300mm˅+ cement-lime mortar˄8mm˅ 0.25 
Wall 2 plain concrete˄300mm˅ 0.96 
Roof XPS board˄100mm˅+Metal deck insulated ˄100mm˅ 0.61 
Ground 
packed soil˄300mm˅+ gravel pebble˄400mm˅+air layer˄500mm˅+ 
fine aggregate concrete˄100mm˅+ cement mortar˄20mm˅ 0.33 
Window Low-E glass˄6mm˅ + air layer˄9mm˅ + transparent glass˄6mm˅ 
 2.1 / 
0.75 
Door solid wood door (40mm) 2.26 
 
 
 
Table 3 Characteristics and thermal properties of  materials used in the comparative model 
Structural 
element 
Structure and construction method 
(from outside to inside) 
U-value(W/m2gk) / 
Solar Heat Gain 
Coefficient 
Wall 1 
cement mortar˄10mm˅+ aerated concrete block˄300mm˅+ cement 
mortar˄10mm˅ 0.62 
Wall 2 plain concrete˄300mm˅ 0.96 
Roof Metal deck insulated ˄100mm˅ 1.23 
Ground 
packed soil˄300mm˅+ gravel pebble˄400mm˅+air layer˄500mm˅+ 
fine aggregate concrete˄100mm˅+ cement mortar˄20mm˅ 0.33 
Window singleglazed_alumFrame (6mm glass) 
 5.54 / 
0.94 
Door solid wood door (40mm) 2.26 
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3.1.  Indoor thermal environment 
Fig.12~14 respectively show the contrast of indoor thermal environment of room1~3 before and after insulation 
on  21st December in Typical Meteorological Year (TMY) of Hangzhou. The TMY means that the monthly climate 
data of this year was nearest the average data of the last decade, which used in this study was provided by the 
statistic (Website: http://www.hzqx.com) . For the room1 and room2, the indoor  temperature amplitude during a 
day are both rather large: they all fluctuate in a rage of 7ć under the non-insulation condition, the minimum of 
which appears at about 6:00 a.m. and the maximum at about 2:00 p.m. For room3, the outer wall combining with the 
transparent glass box constituted a higher thermal resistance system, which help to keep good temperature stability. 
 
Fig. 12. Indoor hourly temperature distribution of room1 on 21st December in TMY 
(a) before insulation;  (b) after insulation 
 
 
   Fig. 13. Indoor hourly temperature distribution of room2 on 21st December in TMY 
(a) before insulation;  (b) after insulation 
 
 
 
 
 
 
 
 
 
 
 
Fig. 14. Indoor hourly temperature distribution of room3 on 21st December in TMY 
(a) before insulation;  (b) after insulation 
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Fig.15~17 respectively show the contrast of indoor thermal environment of room1~3 on 22nd June in TMY. For 
room1 and room2, the average temperature under insulation condition during the day do not appear to be much 
different from non-insulation. But the indoor hourly temperature in the condition of non-insulation fluctuates 
slightly and the maximum temperature appears at 2:00 p.m. Meanwhile, there is little fluctuation of hourly 
temperature for room3 under any conditions. 
 
Fig. 15. Indoor hourly temperature distribution of room1 on 22nd June in TMY 
(a) before insulation;  (b) after insulation 
Fig. 16. Indoor hourly temperature distribution of room2 on 22nd June in TMY 
(a) before insulation;  (b) after insulation 
 
Fig. 17. Indoor hourly temperature distribution of room3 on 22nd June in TMY 
(a) before insulation;  (b)   after insulation 
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3.2. The comparison analysis of monthly energy consumption throughout the year
According to the Chinese energy-saving design standard, the simulating environment is based on the comfortable 
temperature condition regulated at 18ć in winter and 26ć in summer. Fig.18-20 show the simulating results of 
room1~3: for room1 and room2, the heating load on the coldest month and the cooling load on the hottest month all 
decrease over 50% with  insulation system comparing to the non-insulation designing condition; but for room3, the 
reduction of the energy consumption is less than 50%.  
 
Fig. 18 Monthly heating and cooling loads of room1  (a) before insulation; (b) after insulation 
 
 
Fig. 19 Monthly heating and cooling loads of room2  (a) before insulation; (b) after insulation 
 
 
 
Fig. 20 Monthly heating and cooling loads of room3  (a) before insulation; (b) after insulation  
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3.3. Analysis of nature lighting 
The lighting quantity of the middle room was simulated and analyzed by using Ecotect software in order to 
demonstrate the effectiveness of the tubular daylighting system. Simulating conditions for lighting quantity is 
decided based on the Standard for Daylighting Design of Buildings (Ministry of Construction, PRC, 2013), as 
shown in Table 4. According to the standard: Hangzhou city belongs to the IV daylight climate in China, the 
regulated average value of daylight factor should not be less than 1.1% under the top lighting condition, and the 
average illuminance of interior daylight should not be less than 165 lx. When only the tubular lighting system was 
designed with diameter of 1,000 mm long, the average value of daylight factor is lower than 1%, which did not 
satisfy the standard; when a window was opened on the southern wall with 500mm high and 1,500 mm wide, the 
comprehensive lighting system can meet the regulated value. Fig.21 shows the results of nature lighting simulation 
under different lighting system. 
Table 4  Simulating conditions  
Transmittance of 
tubular daylighting 
system 
Transmittance of 
window 
Reflectance of wall 
Reflectance of 
ceiling 
Reflectance of floor 
Outdoor illumination 
design value 
0.8 0.6 0.8 0.8 0.65 13500 lx 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.21.  Results of nature lighting simulation 
(a) Only tubular daylighting system designed; (b) Extra window designed 
3.4. Analysis of solar radiation access 
For the comparison, the total solar radiation access obtained by the sloping and horizontal roof throughout the 
year were simulated by using Ecotect software. The results (Fig.22~23) indicate that the average value of solar 
radiation access on sloping roof is 1,211 kWh, 11% higher than the horizontal roof  of 1,089 kWh.    
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Fig.22. Solar radiation access on the slopping roof                      Fig.23. Solar radiation access on the horizontal roof 
4. Conclusion 
As a whole, building construction elements  play a significant role in terms of energy consumption and indoor 
thermal environment depending on the location, climatic conditions and physical properties of the building.  . 
The results of the simulation and analysis of the building indicated that the shape and the insulation system had a 
major effect on indoor thermal environment and energy consumption. Comparing to the middle room, the indoor 
temperature of the rooms on both sides fluctuated more remarkably under the non-insulation condition due to the 
reason that they have more areas of the external wall exposed to air which lead to the heat exchanging frequently. 
On the contrary, the middle room showed the stable indoor thermal environment because of less area of external 
wall.  For the implementation of the new standard for the building lighting design, it is difficult to satisfy the 
regulated value by using the tubular lighting system alone. However, combining the side window with the tubular 
lighting system can meet the new standard. In addition, the simulating results of the solar radiation access 
demonstrate that the best angle of sloping roof is 22Ϩ for obtaining the maximum quantity of the solar energy in 
Hangzhou , which helps to make full use of solar energy. 
In this project, the expected energy-saving targets will be realized by the detailed construction and rigorous 
quality control in future. Furthermore, the architects and engineers also are provided with the optimized designing 
methods introduced above, and encouraged to integrate these factors into the design and construction of new 
buildings.   
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